Background Alcohol is an important determinant of the high and fl uctuating adult mortality rates in Russia, but cause-specifi c detail is lacking. Our case-control study investigated the eff ects of alcohol consumption on male and female cause-specifi c mortality.
Introduction
The sharp fl uctuations in Russian adult mortality rates since 1984 (fi gure 1 and panel 1) are unprecedented in a modern industrialised country. Although the largest relative changes were in the mortality attributed directly to alcohol poisoning, the largest absolute changes were in the mortality attributed to other external causes and to vascular disease. 4, 5 Within vascular disease mortality, that from acute myocardial infarction was relatively low and stable; the greatest absolute fl uctuations were in the mortality attributed on the death certifi cate to other forms of acute ischaemic heart disease, some of which represented misclassifi ed alcohol poisoning. 6 The lowest overall mortality rates were in 1986-87, following the 1985 Soviet restrictions on alcohol production; previously, alcohol consumption had been increasing slowly for many years, but it decreased suddenly within a few months during 1985, was at a minimum during 1986-87 at about three-quarters of pre-1985 levels, increased (slowly then steeply) after 1987, and was at a maximum in 1994. The highest overall mortality rates also occurred in 1994, following the Soviet collapse in late 1991. 7, 8 The relative changes in mortality were particularly extreme at ages 15-54 years. At these ages, both male and female Russian death rates approximately doubled between 1987 and 1994, then fl uctuated but remained high (fi gure 1). At the death rates of the year 2000, 7 the probability that a 15-year-old man would die before age 35 years was almost 10%, and the probability that a 35-year-old man would die before age 55 years was 27%; in western Europe these probabilities were only 2% and 6%, respectively. [1] [2] [3] Evidence of a major eff ect of alcohol consumption on recent Russian mortality patterns comes from both cause-specifi c analyses of national mortality trends [4] [5] [6] [7] [8] [9] [10] and analytical studies of individuals. [11] [12] [13] [14] These eff ects need to be measured reliably not only to assess the importance of alcohol, but also to help determine whether the main societal factors that underlie the Russian mortality fl uctuations (eg, general economic uncertainty 15, 16 or destabilising eff ects of rapid mass privatisation 17 ) had any major eff ects on mortality other than through their eff ects on drinking patterns. A case-control study in Izhevsk based on proxy information from families of 1750 men who died in 2003-05 reported that 43% of male deaths at ages 25-54 years were caused by ethanol (either in vodka and other beverages intended for human consumption or in other products [non-beverage alcohol]). 14 To assess the eff ects of alcohol consumption on male and female mortality in a wider range of ages (15-74 years) and over a longer period (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) than in previous analytical studies, and to assess more reliably its role in specifi c causes of death, between 2001 and 2005 we obtained proxy information on alcohol consumption and other lifestyle factors from families of 48 557 Russian adults who had died in 1990-2001, and related this information to the certifi ed cause of death.
Methods

Setting, participants, and procedures
This case-control study took place in three industrial cities of western Siberia with predominantly European Russian populations: Tomsk (2002 census population 0·5 million), Barnaul (0·7 million) and Biysk (0·2 million). Overall mortality rates (and the distribution of the main certifi ed causes of death) were similar to those in the whole of Russia, and fl uctuated in a similar way during the 1990s, with a sudden large increase in mortality during 1992-94. 5 Details, including name, address, age, and sex, of the 0·2 million registered residents who died at ages 15-74 years during 1990-2001 in these three cities were taken from local death registration records. Such records include virtually all urban deaths (but, until 2002, excluded deaths of migrants to the three cities). For each death record we ignored the local death coding, 5 and used the International Classifi cation of Diseases and Related Health Problems 10th revision (ICD-10) to assign the underlying cause from the written death certifi cate. 18 During 2001-05, teams of local physicians were trained in objective interview methods and worked (under supervision) mainly in those areas of town in which at least one had practised (although most were currently not doing so; this study was not identifi ed with local healthcare services). Working from lists that did not record causes of death, they visited, usually after 1800 h, 60 416 addresses of decedents; the adult family members found at these addresses were asked to participate in an interview, mainly about their own habits. Questions about decedents did not dominate the interview, since interviewers fi rst completed standard questionnaires about smoking, drinking, and other factors for all adults present (for future prospective study). A fi xed sequence was used to select a competent adult informant for the deceased individual; spouses were the fi rst choice, then siblings, then parents, then adult children, then any other adult family member. Informants could be blood or inlaw relatives living at the address. One in ten interviews about decedents was randomly chosen for repetition to monitor performance. Alcohol questions did not obtrude, because much other information was obtained, including ethnicity, marital status, education level, jobs held, job loss, income, recent changes in income, and smoking (usual daily amount, age started, age stopped). Smokers were defi ned as those who had smoked within 5 years of death or after age 55 years.
The questionnaire used in the interview asked about usual alcohol consumption patterns before the fi nal year of life (usual weekly frequency of drinking spirits, beer, and wine, usual amounts of each per session, and maximum amount [ just of spirits] per session). The main spirit used was vodka; other spirits are taken as equivalent in strength (ie, 40% alcohol). Beer was taken as 0·125 and wine as 0·25 times vodka in strength. Total weekly alcohol consumption (frequencies multiplied by usual amounts) was expressed in 500 mL bottles of vodka (or alcoholic There were sudden large decreases in Russian birth rates in 1932-34 and 1942-43 and large increases a few years later, so there are now sharp year-on-year irregularities (edge eff ects) in the age distribution of Russian adults. Hence, within a 5-year age range the mean age can diff er by a few months from the midpoint, and standardisation by single years of age would, if possible, be preferable. Death rates were, however, available only in 5-year age ranges, within which fl uctuations in mean age can cause appreciable artifactual fl uctuations in mortality. For 1980-2007, the artifactual mortality fl uctuations in particular 5-year age ranges for a reasonably stable cause of death (eg, female non-respiratory cancer) can be used to help quantify the expected artifactual eff ects for overall mortality. This suggests that such artifacts were negligible at ages 15-34 years and 55-74 years, and suggests that even at ages 35-54 years (where they slightly accentuated the decreases in 1984-88 and 1994-98 and the increases in 1988-94 and 1998-99 in overall mortality), any such artifacts were an order of magnitude smaller than the real changes in overall mortality. equivalent). The same questions were asked about the fi nal year of life, but the usual amounts reported for the two periods were similar, and only the greater of the two was used.
In ever-drinkers, the reference category was defi ned by two upper limits: usual weekly alcohol consumption always less than 0·5 bottles of vodka (or equivalent), and, to exclude binge drinkers, maximum consumption of spirits per session always less than 0·5 bottles. Other ever-drinkers were categorised only by weekly consumption (<one, one to <three, or ≥three bottles of vodka or equivalent), and relative risks and trend tests compare these three categories with the reference category. For decedents aged 15-39 years, interviewers also recorded regular drinking (yes/no) of non-beverage alcohol, but this information was not used in defi ning the alcohol categories.
Alcohol intake is diffi cult to assess reliably in proxy interviews several years after death. Moreover, if death was from a disease (or external cause) substantially aff ected by alcohol, families might tend to misreport amounts or even report no alcohol use, leading some drinkers to be misclassifi ed as never-drinkers. Since real never-drinking is rare in Russia, at least in men, this could make the ratio of proxy-reported never-drinkers to ever-drinkers diff er substantially between those who died from alcoholaff ected diseases (or external causes) and other diseases. The main case-control analyses therefore ignore the small numbers reported as never-drinkers, compare the four categories of ever-drinkers, and make approximate correction for the eff ects of uncertainty in alcohol use. Sensitivity analyses include the never-drinkers.
Statistical methods
The case-control comparisons relate alcohol con sumption category (reference or other) among ever-drinkers to underlying cause of death (case or control). Cases were those who had died from the causes that, in our prior judgment, could be substantially aff ected by alcohol or tobacco: alcohol poisoning (redefi ned to include the few deaths from alcoholic psychosis), other external causes, ill-defi ned causes, tuberculosis, respiratory disease, vascular disease, oesophagus, stomach, liver, or pancreas disease (apart from diabetes mellitus) and lung, upper aerodigestive tract, stomach, liver, pancreas, bladder, or breast cancer. Controls were those adults who had died from other diseases, including some malignant neoplasms, all benign neoplasms, diabetes, diseases of the nervous system, non-alcoholic mental disorders, renal disease, and all infectious or parasitic diseases other than tuberculosis, pneumonia, or hepatitis.
The main analyses are of ever-drinkers, and compare four alcohol categories. Case versus control odds ratios for the three higher alcohol categories (versus reference drinkers) were calculated simultaneously by logistic regression, stratifi ed for age (in 5-year age-groups), city (three cities) and smoking (yes/no), and are described as relative risks (RRs, calculated as odds ratios by SAS version 9.1). For deaths in one alcohol category, the RR implies that the dose-related excess proportion is 1-1/RR. Sensitivity analyses involved cruder alcohol categories but more stratifi cation. 95% CIs, trend tests, and two-sided p values are cited, making no allowance for multiple hypothesis testing. Data are n (%) or mean (SD; IQR). *Age at death. †Diseases that, in our prior judgment, are unlikely to be substantially aff ected by alcohol or tobacco, including some malignant neoplasms, all benign neoplasms, diabetes, diseases of the nervous system, non-alcoholic mental disorders, renal disease, and all infectious or parasitic diseases other than tuberculosis, pneumonia, or hepatitis. ‡Had smoked within 5 years of death or after age 55 years (almost all ever-smokers are smokers). §Most alcohol was consumed as vodka; weekly consumption of other alcohol is included as the equivalent amount of vodka (taking one bottle of vodka to contain 500 mL). Among ever-drinkers, the reference category is usual weekly consumption always less than 0·5 bottles of vodka or equivalent, and maximum consumption of spirits in 1 day always less than 0·5 bottles. Other ever-drinkers are classifi ed only by usual weekly consumption (less than one bottle, one to less than three bottles, or three or more bottles of vodka or equivalent; in these groups the IQRs for maximum consumption in 1 day were 0·5-1·0 bottle, 1·0-1·0 bottle, and 1·0-2·0 bottles, respectively). 
Role of the funding source
The sponsors of the study had no role in study design, data collection, data analysis, data interpretation, or writing of the report. The corresponding authors had full access to all the data in the study and had fi nal responsibility for the decision to submit for publication.
Results
Family members were found at 50 066 (83%) of the 60 416 addresses visited. 97% of interviews were completed, yielding information on 48 557 decedents (31 504 men, 17 053 women), of whom 43 082 were cases and 5475 were controls. Table 1 shows year of death, relationship of interviewee to deceased individual, certifi ed causes of death, and, for controls (97% [5309/5475] of whom were ethnic Russian), their reported habits. Of 2514 male controls, 212 (8%) never drank alcohol, 363 (14%) were in the reference category, and 1939 (77%) were in the higher alcohol consumption categories. Of 2961 female controls, 903 (30%) never drank, 1479 (50%) were in the reference category, and only 579 (20%) were in the higher alcohol consumption categories. Within each category, however, male and female controls had similar consumption patterns. On average, those in the top category drank on 4·8 (SD 1·6) days a week, consuming 5·4 (1·4) half-litre bottles of vodka (or equivalent) a week, with maximum con sumption of spirits in 1 day mostly reported as one bottle or two bottles (mean 1·4 [0·6] bottles). On average, those in the other three categories of ever-drinkers (ie, reference, <one bottle, or one to <three bottles) drank on 0·4 (0·6), 0·8 (0·8), or 2·2 (1·2) days a week, consuming 0·1 (0·1), 0·3 (0·3), or 1·5 (0·5) bottles of vodka (or equivalent) a week, with maximum spirits in 1 day 0·2 (0·1), 0·7 (0·3), or 1·0 (0·4) bottles. Table 2 gives the main results for male mortality at ages 15-74 years in ever-drinkers, subdivided by cause and amount drunk. For neoplastic disease, the trend in risk across categories of ever-drinkers was signifi cant only for upper aerodigestive tract cancer (RR 3·48, 95% CI 2·84-4·27, in the highest alcohol consumption category; trend p<0·0001) and liver cancer (2·11, 1·64-2·70; trend p<0·0001). The trends were not signifi cant for lung cancer (p=0·18) or stomach cancer (p=0·46).
Six non-neoplastic disease groups were also strongly associated with alcohol in men, with RRs greater than 3·00 in the highest consumption category (all p<0·0001 for the trend in risk). These disease groups were tuberculosis (4·14, 3·44-4·98), pneumonia (3·29, 2·83-3·83), liver disease (6·21, 5·16-7·47), pancreatic disease (6·69, 4·98-9·00), acute ischaemic heart disease (IHD) other than myocardial infarction (3·04, 2·73-3·39), and death from an ill-specifi ed disease (7·74, 6·48-9·25). The latter two groups include some misclassifi ed deaths that were actually from alcohol poisoning. 6 Some other causes of death were signifi cantly associated with alcohol, but the RRs were less extreme (eg, stroke [1·28, 1·15-1·43]). There was, however, no signifi cant trend in mortality from acute myocardial infarction (p=0·62); in the heaviest drinkers (three or more bottles per week), acute myocardial infarction accounted for only 178 deaths, whereas acute IHD other than myocardial infarction accounted for 1044 deaths.
In the combined results for all causes of death strongly associated with alcohol in men (ie, liver cancer and anything with RR more than 3·00 in table 2) there was, of course, a defi nite and progressive dose-response relation (with RR 3·77, 3·44-4·12, for men in the highest alcohol category), whereas in the combined results for all other diseases the progressive association, although signifi cant, was less strong (1·40, 1·29-1·52).
As expected, reported alcohol consumption was strongly associated with the mortality that was certifi ed as caused by alcohol poisoning, but 41 (3%) of 1610 everdrinkers who died from alcohol poisoning were in the lowest alcohol category (reference category), and a further 11 were reported as never-drinkers, indicating that proxy information sometimes missed life-threatening alcohol use. Moreover, another 188 (12%) deaths from alcohol poisoning were in men whose usual consumption was, perhaps inaccurately, reported to be less than one bottle per week. Reported alcohol consumption was also strongly associated with the other major groups of external causes of death, including transport accidents (4·20, 3·31-5·34), other accidents (6·07, 5·27-6·98), suicide (8·62, 6·99-10·62), and assault (9·47, 7·96-11·25; all p<0·0001 for the trend in risk). Table 3 gives the corresponding results for women. For neoplastic disease, the RR in the highest drinking category appeared to be increased only for liver cancer and upper aerodigestive tract cancer, although no trend in cancer mortality was signifi cantly positive (perhaps because of small numbers). For breast cancer, the trend was signifi cantly negative (p=0·0002), and the relative risks in the two highest alcohol consumption categories were both substantially lower than 1·00.
The non-neoplastic disease groups that were most strongly associated with alcohol in men were even more strongly associated with alcohol in women, each with an RR of more than 3·00 not only in the heaviest drinkers but also in women drinking one to three bottles of vodka (or equivalent) per week (and each with p<0·0001 for trend). The same fi ndings were seen for each main group of external causes, including transport accidents, other accidents, suicide, and assault. As in men, reported alcohol consumption in women was strongly associated with mortality from alcohol poisoning, but in the 424 female ever-drinkers certifi ed as dying from alcohol poisoning, 51 (12%) were in the lowest alcohol category (reference category), and another 41 (10%) were reported to have usually consumed less than one bottle of vodka (or equivalent) per week. Again, the RR was substantially less extreme for acute myocardial infarction than for other acute IHD, and in the top two alcohol consumption categories, COPD=chronic obstructive pulmonary disease. ICD-10=International Classification of Diseases, 10th Revision (reference 18). IHD=ischaemic heart disease. MI=myocardial infarction. RR=relative risk, adjusted for age, city, and smoking. *Ever-drinkers with usual weekly consumption always less than 0·5 bottles of vodka or equivalent, and maximum consumption of spirits in 1 day always less than 0·5 bottles; excludes never-drinkers. †Test for trend (with respect to the weights 0·0, 0·1, 0·3, and 1·0) in log risk between four groups. If there were no real trend, Z would have an approximately standard normal distribution; hence, if Z<1·96 then p>0·05 (not significant). ‡Control diseases: all diseases not listed separately in this table. Neoplastic includes benign neoplastic (ICD-10 codes D00-49). The 863 deaths from non-neoplastic control diseases include 25 haematological (D50-99), 88 infective (other A or B ICD-10 codes), 86 endocrine (E), 10 non-alcoholic mental (other F codes), 209 nervous (G), 164 digestive (other K codes), 45 dermatological and musculoskeletal (L and M), 189 renal (N00-29), and 47 remaining (N30-Q99, H) diseases. §Liver disease, liver cancer, upper aerodigestive cancer, and other disease groups with RR more than 3·00 for men with usual consumption of three or more bottles of vodka per week (tuberculosis, pneumonia, non-MI acute IHD, non-neoplastic pancreatic disease, and ill-specified disease). COPD=chronic obstructive pulmonary disease. ICD-10=International Classification of Diseases, 10th Revision (reference 18). IHD=ischaemic heart disease. MI=myocardial infarction. RR=relative risk, adjusted for age, city, and smoking. *Ever-drinkers with usual weekly consumption always less than 0·5 bottles of vodka or equivalent, and maximum consumption of spirits in 1 day always less than 0·5 bottles; excludes never-drinkers. †Test for trend (with respect to the weights 0·0, 0·1, 0·3, and 1·0) in log risk between four groups. If there were no real trend, Z would have an approximately standard normal distribution; hence, if Z<1·96 then p>0·05 (not significant). ‡Control diseases: all diseases not listed separately in this table. Neoplastic includes benign neoplastic (ICD-10 codes D00-49). The 671 deaths from non-neoplastic control diseases include 12 haematological (D50-99), 58 infective (other A or B ICD-10 codes), 143 endocrine (E), 10 non-alcoholic mental (other F codes), 98 nervous (G), 96 digestive (other K codes), 57 dermatological and musculoskeletal (L and M), 148 renal (N00-29), and 49 remaining (N30-Q99, H) diseases. §Liver disease, liver cancer, upper aerodigestive cancer, and other disease groups with RR more than 3·00 for men with usual consumption of three or more bottles of vodka per week (tuberculosis, pneumonia, non-MI acute IHD, non-neoplastic pancreatic disease, and ill-specified disease). only 64 women died from acute myocardial infarction compared with 463 from other acute IHD. Table 4 subdivides the results for all men more narrowly by age (15-54 years and 55-74 years) and groups the causes as alcohol poisoning, accidents and violence, diseases strongly associated with alcohol in this study, other non-control diseases, and control diseases. (The strongly associated diseases were liver disease, liver cancer, upper aerodigestive cancer, and other disease groups with RR more than 3·00 for men with usual consumption three or more bottles of vodka per week [tuberculosis, pneumonia, acute IHD other than myocardial infarction, non-neoplastic pancreatic disease, and ill-specifi ed disease].) The relative risks comparing never-drinkers with reference drinkers are consistent with families under-reporting moderate alcohol use more in men who had died from accidents, violence, and diseases strongly associated with alcohol than in men who had died from other diseases. This fi nding is particularly clear for men aged 55-74 years, in whom the ratio of reported never-drinkers to reference drinkers was 1·1 ([88+371]/[87+317]) for men who had died of accidents, violence, and diseases strongly associated with alcohol, compared with only 0·4 ([560+98]/[1266+223]) in men who had died of other diseases (p<0·0001 for diff erence in ratios). Table 5 gives corresponding results for women. Discrepancies between never-drinkers and reference drinkers are less extreme than in men, but are still apparent, particularly at ages 55-74 years. The ratio of never-drinkers to reference drinkers at these ages was 0·9 (742/832) for female deaths from accidents, violence, and the diseases strongly associated with alcohol, and only 0·5 (2623/4868) for female deaths from other diseases, again consistent with variable under-reporting of moderate alcohol use.
The relative risks in ever-drinkers (which compare the three higher alcohol consumption categories with the reference category) might be more directly indicative of real associations. Even in ever-drinkers, however, substantial misclassifi cation of real alcohol consumption patterns is inevitable. If some alcoholassociated deaths are included in the reference category, then uncorrected calculation of alcohol-dose-related excess mortality in the other three alcohol consumption categories will under estimate the real excess mortality. RR=relative risk, adjusted for age, city, and smoking. *Ever-drinkers with usual weekly consumption always less than 0·5 bottles of vodka or equivalent, and maximum consumption of spirits in 1 day always less than 0·5 bottles; excludes never-drinkers. †Sum of (n-n/RR) for the three highest alcohol categories, expressed as a percentage of all deaths from the given certifi ed cause in both ever-drinkers and never-drinkers. This is uncorrected for any misclassifi cation of drinking habits (and ignores any excess risks in those reported to have been never-drinkers). ‡Uncorrected excesses multiplied by a common factor (1163/954 at ages 15-54 years, 458/388 at ages 55-74 years) chosen so that the dose-related excess is 100% for the alcohol poisoning deaths. §Liver disease, liver cancer, upper aerodigestive cancer, and other disease groups with RR more than 3·00 for men with usual consumption three or more bottles of vodka per week (tuberculosis, pneumonia, non-myocardial infarction acute ischaemic heart disease, non-neoplastic pancreatic disease, and ill-specifi ed disease). Note that the strongly alcohol-related causes include not only these disease groups but also alcohol poisoning, accidents, and violence. ¶Percentages for other non-control diseases and control diseases (selected conditions) are combined. For sensitivity analyses, alcohol use was crudely split into lower (<one bottle per week, including never drinkers) and higher usual consumption categories, and the analyses of tables 4 and 5 were then repeated. With this crude split, the uncorrected dose-related excess for alcohol poisoning was only 72% (1466/2048), but correction (as in tables 4 and 5) automatically increased this to 100%, and made dose-related excess mortality at ages 15-54 years 50% (7045/13 968) for men and 27% (1305/4751) for women, and at ages 55-74 years made it 22% (3827/17 542) for men and 10% (1275/12 302) for women. These corrected percentages are similar to those shown in tables 4 and 5, and were not materially aff ected by fi ner stratifi ca tion for potential confounders (amount smoked, year of death, years since death, marital status, relation ship to informant, ethnicity, education, occupation, socioeconomic status, or recent change in socio economic status) or by inclusion in the controls of all cancers not strongly related to alcohol (data not shown).
Non-beverage alcohol use was strongly correlated with other alcohol use but, given vodka consumption, was no more common in those dying from strongly RR=relative risk, adjusted for age, city, and smoking. *Ever-drinkers with usual weekly consumption always less than 0·5 bottles of vodka or equivalent, and maximum consumption of spirits in 1 day always less than 0·5 bottle; excludes never-drinkers. †Sum of (n-n/RR) for the three highest alcohol categories, expressed as a percentage of all deaths from the given certifi ed cause in both ever-drinkers and never-drinkers. This is uncorrected for any misclassifi cation of drinking habits (and ignores any excess risks in those reported to have been never-drinkers). ‡Uncorrected excesses multiplied by a common factor (253/215 at ages 15-54 years, 174/136 at ages 55-74 years) chosen so that the dose-related excess is 100% for the alcohol poisoning deaths. §Liver disease, liver cancer, upper aerodigestive cancer, and other disease groups with RR more than 3·00 for men with usual consumption three or more bottles of vodka per week (tuberculosis, pneumonia, non-myocardial infarction acute ischaemic heart disease, non-neoplastic pancreatic disease, and ill-specifi ed disease). Note that the strongly alcohol-related causes include not only these disease groups but also alcohol poisoning, accidents, and violence. ¶Percentages for other non-control diseases and control diseases (selected conditions) are combined. Table 5 : Female dose-related excess mortality in ever-drinkers as a proportion of all mortality in female ever-drinkers and never-drinkers, by age and underlying cause of death alcohol-related causes than in those dying from other causes. For men who died at ages 15-39 years and were drinkers of less than one, one to less than three, or three or more bottles of vodka (or equivalent) per week, the respective proportions of deaths with non-beverage alcohol use reported were 1% (18/1306), 6% (70/1106), and 20% (250/1257) for the strongly alcohol-related causes and 1% (3/313), 5% (8/168), and 28% (34/120) for the other causes. These fi ndings suggest that for a given amount of ethanol consumption its source was not strongly predictive of cause of death. For women, the corresponding percentages were based on much smaller numbers: 2% (8/405), 6% (9/153) and 20% (38/192) for strongly alcohol-related causes and 0% (0/240), 0% (0/23) and 39% (9/23) for other causes, respectively. Figure 2 shows the regional mortality trends (1990-2001) in mortality from all causes, from the main causes strongly associated with alcohol use in this study (approximately as in table 2), and from the other causes. Because of the changes in Russian death coding in 1999, the strongly alcohol-related causes had to include chronic heart disease and exclude liver cancer (see panel 2). In both sexes and all age-groups there was a much sharper increase during 1992-94 in mortality from the strongly alcohol-related causes than from other causes. Fluctuations in these alcohol-related causes were the main determinants of the large fl uctuations in all-cause mortality in the study areas, particularly at ages 15-34 years and 35-54 years. Thus, at these ages, the ratio of mortality from the strongly alcohol-related causes to mortality from all other causes fl uctuated sharply, and was at a maximum in 1994. This was true for the whole study region (fi gure 2) and for the individuals in our study (data not shown).
Discussion
We found strong dose-response associations between alcohol consumption and mortality from accidents, violence, and several disease groupings. If these associations are mainly causal, then alcohol was responsible for more than half of all deaths in younger men (15-54 years) in our study areas during 1990-2001, and was a major cause of death in older men (55-74 years) and in women. Additionally, large fl uctuations in mortality from alcohol-related diseases were major determinants of the extreme fl uctuations in overall adult mortality after 1991, so the proportion of deaths caused by alcohol would be much greater in some years than in others.
Our study of residents in three industrial cities populated mainly by European Russians was large and population based. The interviewers were local physicians; therefore, few families refused to be interviewed and cooperation was generally good. Information was unavailable only when the address no longer existed or no family member was found there. This excludes deaths in families that subsequently moved, deaths of those who (perhaps partly because of alcohol) were isolated or without a registered address, and deaths of migrants to the study cities. Otherwise, selection bias is unlikely to have had any major aff ect on the results.
Cases were those adults who had died from causes we judged beforehand likely to be related to drinking or smoking, and controls were those who had died from other causes. This designation of controls was somewhat arbitrary, but is supported by the cancer results. The extensive epidemiological evidence on alcohol and cancer, as summarised by the WHO International Agency for Research on Cancer (IARC), 19 shows that the only major types of cancer much aff ected by alcohol in men are those of the liver and upper aerodigestive tract. This evidence helps validate the case-control results from our study (table 2) , which show a highly signifi cant eff ect of alcohol on mortality from cancers of the liver and upper aerodigestive tract, but not from lung cancer or stomach cancer. Few women consumed more than three bottles of vodka (or equivalent) per week, but among those who did, the only conventionally signifi cant excess cancer risks were for those of the liver and upper aerodigestive tract.
Use of deceased people as controls was intended to limit the eff ects of recall and reporting bias, with the expectation that there would be no large systematic bias between people with similar drinking habits who had died of diff erent diseases. (Similarly, many epidemiological studies of hospitalised cases use hospitalised controls.) Although families in our study are likely to misreport alcohol consumption, we had hoped that such misreporting would merely dilute the strengths of any associations. We found, however, that under-reporting of moderate alcohol consumption was particularly common for those who had died from accidents, violence, and the diseases strongly related to drinking. This under-reporting could substantially The strongly alcohol-related causes included in our analyses of regional time trends diff er slightly from those used in all of our other analyses, because they had to be defi ned from Russian cause of death codes, 6 which changed in 1999 but still diff ered from the International Classifi cation of Diseases, 10th revision. 18 The distort relative risks comparing never-drinkers with reference drinkers, but should have less of an eff ect on the corrected dose-related excess, on which our main conclusions are based. Moreover, sensitivity analyses that combined never-drinkers with the lowest two groups of ever-drinkers yielded similar corrected estimates of excess mortality. To include a reasonably representative sample of all deaths, including those of alcoholics, we settled for the imperfect, and potentially slightly biased, exposure information that families can provide. It is only because the eff ects of alcohol on mortality in Russia are so great that our crude methods can provide useful estimates of them; in less severely aff ected populations such methods might not yield useful results.
For those who died before the age of 40 years, we asked about regular non-beverage alcohol use. Such practice was common only in the highest alcoholic beverage consumption category, and was not independently predictive of risk. Thus, as others have suggested, 20 nonbeverage alcohol use should perhaps be seen mainly as a source of ethanol rather than of other toxins.
Apart from liver cancer and upper aerodigestive cancer, the strongly positive associations were with mortality (in both men and women) from liver disease, pancreatic disease, tuberculosis, pneumonia, ill-specifi ed disease, acute IHD other than myocardial infarction, and external causes (alcohol poisoning, accidents, and violence). At ages 15-54 years, these strongly positive associations accounted for a substantial proportion of all deaths (fi gure 2), and for about 90% of the excess mortality (tables 4 and 5); vascular disease accounted for most of the remainder. The only signifi cantly inverse association was with mortality from breast cancer, which was substantially lower in the few women in the highest alcohol category (mean more than fi ve bottles of vodka or equivalent per week) than in women from the lower alcohol consumption categories. In other populations, moderate alcohol consumption (all levels of which would be within our reference category) appears to increase the incidence of breast cancer. 19, 21 The reasons for this apparent discrepancy are unclear, because information on many other potentially relevant factors was unavailable; however, the inverse association with breast cancer would, even if causal, account for only 0·1% of all deaths.
The excess mortality from liver cancer, upper aerodigestive cancer, liver disease, and pancreatic disease is largely or wholly because alcohol caused the disease that caused death. 19, [22] [23] [24] [25] [26] [27] The excess mortality from tuberculosis and pneumonia may be partly a result of increased exposure to infection, reduced immuno competence, or decreased likelihood of cure; 28, 29 in each case, however, alcohol use could be a direct or indirect cause of the excess. Some of the excess mortality from stroke and other vascular diseases must refl ect the ability of alcohol to increase blood pressure.
The relative risks for mortality from ill-specifi ed diseases were particularly extreme, perhaps partly because alcohol use was associated with inadequate post-mortem assessment of causes. The largest single contributor to the alcohol-associated excess mortality from disease was acute IHD other than myocardial infarction. In a survey of forensic autopsies in Barnaul during 1990-2004 at which post-mortem blood alcohol was recorded, half of those who died aged 15-69 years with non-myocardial infarction acute IHD (ICD-10 code I24) as the certifi ed cause did not have raised blood alcohol concentrations, but 15% had concentrations over 4 g/L, which is potentially lethal. 6 In other populations, unspecifi ed ICD codes could usually, with better data, be reassigned to more specifi c codes in the same disease group. 30 In Russia, however, unspecifi ed cardiovascular disease codes are common, and probably mask large numbers of deaths from acute alcohol poisoning or from acute outcomes of chronic USSR=Union of Soviet Socialist Republics. Alcohol consumption had been increasing slowly for many years, then decreased suddenly in mid-1985, was minimal during 1986-87 at about three-quarters of pre-1985 levels, increased (slowly, then steeply), and was at a maximum in 1994. 7, 8 During 1992-94, Russian industrial output halved, accompanied by hyperinfl ation; the rouble then stabilised (1995-98), collapsed (1998-99), and stabilised again. *The death rate (R per 1000) is the mean of 16 male and female age-specifi c death rates in the eight component 5-year age-groups (15-19 years to 50-54 years). †The 40-year risk is the probability, 1-exp (-40R/1000), that a 15-year-old would die before 55 years of age, if exposed over next 40 years to the mean of the male and female age-specifi c death rates of one particular calendar year. Source: WHO death numbers and UN population estimates. 1 The largest contributors to alcohol-associated excess mortality were accidents and violence (including assault and suicide). The excess of accidental deaths in alcohol users could be largely or wholly causal. The excess of deaths from violence by others could be partly from the eff ects of alcohol on the behaviour of the dead person and partly from exposure to other drinkers. (Fluctuations in population alcohol consumption match those in population homicide rates. 31 ) Finally, alcohol can cause depression, 22 impulsivity, and suicidal behaviour, 24, 32 and many people who committed suicide had raised blood ethanol concentrations. 6 The relative risks for death from assault and suicide were both so extreme in the highest male and two highest female alcohol consumption categories that most of the excess must be causal. 32 A case-control study with live controls estimated that 43% of all deaths in men aged 25-54 years in Izhevsk in 2003-05 were from alcohol (including non-beverage alcohol).
14 Our study (after correction to include all deaths from alcohol poisoning) attributed to alcohol 59% of all male and 33% of all female study deaths at ages 15-54 years; and, our corrected percentages might still underestimate the alcohol-attributable proportion of all deaths in the study areas, since they were calculated only for non-migrants with families still available at the same address years later, and exclude some deaths due to alcohol use by others. Moreover, they average the whole study period (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) ; alcohol-attributable proportions would have been greater in the central years (1993-97) than in 1990-91 or 1998-99, since the large temporal fl uctuations in overall mortality (and, in particular, the large increase during 1992-93) were mainly caused by sudden large changes in the causes we found to be strongly associated with alcohol (fi gure 2).
For adult mortality in Russia as a whole, the large fl uctuations since 1990 (with, again, a particularly sharp increase during 1992-93) were due to much the same causes as the fl uctuations in our study area; 6 therefore, the proportion of adult Russian mortality caused by alcohol must, as in our study, have been large and have varied greatly (fi gures 1 and 2). Figure 3 compares the all-cause mortality rates (averaging male and female) at ages 15-54 years in Russia and western Europe since 1980. Because our study, and other studies of individuals, [11] [12] [13] [14] show alcohol to have been a major determinant of overall mor tality in Russia, the sharp changes in alcohol and in mor tality in the mid-1980s are particularly informative, and they are well documented [3] [4] [5] [6] [7] [8] and uncomplicated by the social upheavals of later decades. Because of the restric tions suddenly placed on alcohol in mid-1985, total consumption (legal plus other) dropped suddenly by about a quarter, 7, 8 as did overall mortality at ages 15-54 years (fi gures 1 and 3) . Still, however, during the period of lowest alcohol consumption (1986-87), about threequarters of pre-1985 consumption remained. 7 Thus, although Russian mortality was then at its lowest, a great deal of the alcohol-attributable mor tality must also have remained. 8 If, therefore, the 1985 decrease of only about a quarter in alcohol consumption was largely responsible for the 1984-86 decrease of almost a quarter in Russian mortality at ages 15-54 years, then in the (hypothetical) absence of all deaths from alcohol, Russian and west European death rates at these ages could well have been similar in 1986. This suggests that, in Russia, alcohol has been of even greater importance than tobacco as a cause of premature death. In western Europe in the mid1980s, smoking was responsible for about a quarter of all mortality (and a third of all male mortality) in middle age, and in Russia male lung cancer mortality was then about 50% greater than in western Europe. [1] [2] [3] 33, 34 Even if the overall mortality rate from smoking was also somewhat greater in Russia, however, it would still have been much smaller, at least at ages 15-54 years, than the probable eff ects of alcohol in Russia since 1991 (fi gures 1 and 3).
If, without alcohol, mortality at these ages would have been similar in Russia and western Europe in the mid1980s, then (without alcohol in either population) it would probably still be similar in the present decade. If so, then Russian death rates at these ages would now be much less than double the corresponding rates in western Europe (fi gure 3). The actual Russian mortality rate in people aged 15-54 years in 2006 was, however, more than fi ve times (for men) and three times (for women) the rate in western Europe (fi gure 1). [1] [2] [3] This large discrepancy is consistent with alcohol being responsible in the current decade for about three-quarters of all male Russian deaths at ages 15-54 years and about half of all female Russian deaths at these ages-ie, proportions even greater than in our study popu lation. Whatever the exact alcohol-attributed proportion may have been at particular times since 1980, however, it was always high, has fl uctuated greatly, and is still high.
We conclude that alcohol is the main cause (and perhaps the only major cause) of the large fl uctuations in Russian adult mortality since 1980, and that alcohol and tobacco account for most or all of the large diff erence in premature adult mortality between Russia and western Europe.
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